Abstract: Following extensive field work in Thailand
Introduction
Southeast Asia is one of the world's biodiversity hot spots (Myers et al. 2000) . Currently, nearly 500 species of mammals are recognised from mainland Southeast Asia (Francis 2008) of which approximately one third are bats (Kingston 2010) . However, the results of a recent DNA barcoding study, based on specimens from both main land Southeast Asia and Borneo and Java, suggest that bat diversity may be twice what it is thought to be today. Many species that were described on the basis of morpho logical characters were found to contain multiple, distinct genetic lineages. Some of these lineages may prove to be valid species (Francis et al. 2010) .
Recent studies by Francis and Eger (2012) and Soisook et al. (2013a,b) and others have shown the value of com bining multiple data sets, i.e., morphology and genetics, for understanding the true diversity of species in the more complex, small vespertilionid groups, including Murina Gray, 1842 and Kerivoula Gray, 1842. This is especially the case where the species are primarily cryptic , Kiefer et al. 2002 , and there is a lack of material for comparison (Anwarali et al. 2010) .
The genus Kerivoula is a large genus in the family Ves pertilionidae, which is considered currently to include 22 species (Bates et al. 2004 , 2007 , Simmons 2005 ). Its disjunct distribution comprises sub Sahara Africa and in Asia, from India to the Philippines and New Guinea (Corbet and Hill 1992) . Nine species are currently recorded from Thailand (Table 1) , Soisook et al. 2007 , Francis 2008 , Douangboubpha et al. 2014 .
Recent genetic analyses reveal that bats referred to Kerivoula papillosa (Temminck, 1840) and K. lenis Thomas, 1916 include at least four monophyletic Table 1 List of Kerivoula species and their synonyms currently known from Thailand, based on the taxonomy of Simmons (2005) ; type localities are included for each taxon.
No Species (sensu Simmons 2005)
Synonym Type locality types (Francis et al. 2010) . Previously, Ellerman and MorrisonScott (1951) and Hill (1965) had included lenis as a distinct race of K. papillosa, with a distribution restricted to India. The nominative form, K. p. papillosa, was restricted to Java and K. p. malayana Chasen, 1940 restricted to Indochina, peninsular Malaysia and Borneo. Hill (1983) referred specimens from Sulawesi to K. p. malayana. Subsequently, Payne and Francis (1985) noted that the bats referred to K. papillosa from Borneo included more than one species. This view was not followed by Corbet and Hill (1992) . However, Kingston et al. (1999) found that K. papillosa from peninsular Malaysia comprised two size classes: K. papillosa S[mall] (forearm length (FA): 37.8-40.0 mm) and K. papillosa L[arge] (FA: 40.5-45.0 mm). They also noted that they exhibited average differences in acoustic characters. Subsequently, Vanitharani et al. (2003) elevated the taxon K. lenis from the synonymy of K. papillosa to species level and compared it to K. papillosa from Southeast Asia. Simmons (2005) listed K. lenis as a separate species and the taxon malayana as a valid subspecies of K. papillosa. Anwarali et al. (2010) concluded that bats previously referred to K. papillosa included more than one genetic lineage and morphotype. On the basis of size, they identified three forms, K. lenis (FA: 38.7-38.9 mm) from peninsular Malaysia and southwestern Borneo, .0 mm) from peninsular Malaysia and central Borneo and Kerivoula sp. (45.0-46.5 mm) from central Borneo. The taxon Kerivoula sp. was consid ered to be of similar size to K. p. malayana but was not included in this taxon as "all specimens…were collected from outside the known distribution of K. p. malayana" (Anwarali et al. 2010) . Therefore, the specimens were referred to "an undescribed species pending genetic data from K. p. malayana". However the taxonomic basis for this conclusion is not clear as Chasen (1940) had already referred two specimens from Sarawak, northern Borneo to malayana. Hasan and Abdullah (2011) studied the morphol ogy of Malaysian Kerivoula. Like Anwarali et al. (2010) , they also found three distinct morphotypes within the papillosa complex. The smallest, from Sarawak, they referred to K. lenis . The other two were assigned to K. papillosa type large [type L] (FA: 44.7-47.3 mm), based on specimens from Sarawak and Sabah, and K. papillosa type small [type S] (FA: 42.2-43.7 mm), based on specimens from Sarawak. These latter two taxa were, respectively, referred to Kerivoula indet. ("a yet to be described species") and K. p. malayana.
The literature concerning K. hardwickii (Horsfield, 1824) (sensu Simmons 2005 ) is extensive but confusing and often contradictory. Ellerman and MorrisonScott (1951) recognised four subspecies, namely: the nomi native form from Darjeeling (India), Malaysia, Borneo, Java, Bali and Celebes; depressa Miller, 1906 Miller, 1906b from Western Sumatra. He noted that depressa could be distinguished from hardwickii by its "relatively flattened braincase". Subsequently, Hill (1975) noted that a specimen of K. hardwickii from Chiang Mai, northern Thailand had "a relatively full, high brain case". He referred it to K. h. hardwickii, which he consid ered to have a predominantly Malaysian distribution. In contrast, he also noted that a specimen from Phetchabun Province, central Thailand, was "in excellent agreement with the low crowned subspecies K. h. depressa from Burma and southern China". Lekagul and McNeely (1988) suggested that the taxon depressa is found in the Tenas serim Range of western Thailand, whereas hardwickii is found in the remainder of the country. Meanwhile, Corbet and Hill (1992) stated that specimens from the western part of the range of K. hardwickii (from India to Vietnam) have relatively flattened skulls. Previously, Taylor (1934) had remarked that specimens from the Philippines were generally smaller than those from more western parts of the range. Sinha (1999) based on research in India, included depressa and crypta as synonyms of the nomi native form. Simmons (2005) , following Corbet and Hill (1992) and Sinha (1999) , did not recognise any subspecies of K. hardwickii. Bates et al. (2007) suggested that the smaller, flat headed taxon (BH < 5.1 mm) may prove to be K. depressa, whereas that with the slightly larger, domedskull taxon (BH > 5.1 mm) may be referable to the true K. hardwickii. They did not include information on the possible distri butional ranges of these two taxa. Francis et al. (2007) included a detailed discussion of the cranial and dental morphology and pelage colour of K. h. hardwickii, based on the literature, the damaged holotype from Java and three specimens referred to this taxon from peninsular Malaysia. They also provided some information about the pelage colour and cranial characters of engana and depressa. Genetic analyses of 26 specimens of "K. hardwickii" (geographical origin of specimens not given) suggested that there were multiple clusters of barcodes, which were referred to "K. cf. hardwickii-1", "K. cf. hardwickii-2" and "K. cf. hardwickii-3" respectively. A compara ble neighbourjoining dendrogram in Francis et al. (2010) , based on 54 specimens, also indicated multiple barcode lineages, which may equate to three or more distinct species. In contrast, Anwarali et al. (2010) documented a single genotype of K. hardwickii from specimens collected in central, eastern and southwestern Borneo, based on cytochrome b (Cytb) (see Figure 2 in Anwarali et al. 2010) . They also found a single genotype, based on a compari son with the COI gene tree of Francis et al. (2007) , for specimens from peninsular Malaysia, Borneo, Thailand, Laos and Vietnam. They reported that mtDNA haplotypes were similar even for specimens with different karyotypes. Similarly Hasan and Abdullah (2011) found only a single morphotype for specimens referred to K. hardwickii from Sarawak, Borneo.
K. minuta Miller, 1898 was described from south ern Thailand. Descriptive characters and external, cranial and dental measurements were included. Hill (1965) referred two specimens from Selangor, penin sular Malaysia, to this species and provided further details concerning its morphology and size. Subse quently, Yenbutra and Felten (1986) referred material to K. minuta from Chiang Mai and Phetchabun Provinces, in northern and central Thailand respectively. However, this geographical addition to the species' range was not accepted by Corbet and Hill (1992) , Simmons (2005) or Francis (2008) . It is unclear whether this apparently geographically isolated material from northern Thai land is referable to an undescribed species. A recent genetic study, based on seven specimens, showed two monophyletic clades of K. minuta (Francis et al. 2010) . However, a subsequent study of the Cytb 1140bp and AFLP 481 bands of K. minuta, based on specimens from Borneo and peninsular Malaysia, showed only a single clade (Anwarali et al. 2010 ). Hasan and Abdullah (2011) considered K. minuta to be a single morphotype, based on specimens from Sarawak. Both these latter papers noted that there was some confusion between K. minuta and the slightly larger K. intermedia Hill and Francis, 1984 from Borneo. In the recent years, several new species were described from the region, including K. kachinensis Bates et al., 2004 , K. titania Bates et al., 2007 and K. krauensis Francis et al., 2007 . In addition, there have been some changes to the rank of individual taxa, for example, with the eleva tion of K. lenis to specific status (Vanitharani et al. 2003) .
However, despite these recent reviews, it still appears that the species diversity of the genus Kerivoula is underesti mated, and further taxonomic revision is needed.
The present study aims to examine the taxonomic status of bats in the genus Kerivoula in Thailand based on morphology, genetics and echolocation calls. It is based on extensive field work (2010-2013), a thorough examina tion of museum specimens and a detailed review of the literature.
Materials and methods

Field work
In the present study, bats were captured at 16 localities in six provinces of Thailand ( Figure 1 ) using fourbank harp traps (Francis 1989 ) and mist nets. The harp traps were set on natural trails, over small streams and across paths in forest understorey. Harp traps were erected before sunset and left over night. Mist nets were used to capture bats in similar locations to the harp traps, but were more often used in open spaces. The mist nets were set at the same time as the harp traps and taken down at 22.00 h.
The species, sex, age (adult or juvenile) and the repro ductive condition (pregnant or lactating) were determined in the field. Initial species identification was made in the field following Payne and Francis (1985) , Corbet and Hill (1992) and Francis (2008) . Juveniles were identified by the presence of unfused epiphyses of phalanges and meta carpal joints (BrunetRossinni and Wilkinson 2009) . The reproductive status of female bats was determined by examining the nipples (Racey 2009 ).
One to three specimens were taken from each local ity for the study of morphometrics, especially cranial and dental characters, and as vouchers to support genetic and echolocation call studies. The body mass and some external characters were measured, including head and body, forearm, ear, tail, tibia and foot. In addition, coor dinates were recorded using a GPS, and habitats were described.
Measurements
In this study, 155 voucher specimens were measured. They are held in the collections of the Princess Maha Chakri Sirindhorn Natural History Museum, Prince of Songkla University, Thailand (PSUZC) and the HalaBala Wildlife Research Station, Thailand (HBWRS).
External and skull measurements were taken with a digital caliper to the nearest 0.01 mm, following Bates and Harrison (1997) and Bates et al. (2004) . Body mass was measured with a Pesola Spring balance. Measure ments included: HB: head and body -from the tip of the snout to the anus, ventrally; FA: forearm length -from the extremity of the elbow to the extremity of the carpus with the wings folded; E: ear length -from the lower border of the external auditory meatus to the tip of the pinna; TL: tail length -from the tip of the tail to its base adjacent to the anus; TIB: tibia length -from the knee joint to the extremity of the heel behind the os calcis; HF: foot length -from the extremity of the heel behind the os calcis to the extremity of the longest digit, not includ ing the hairs or claws; 3MT, 4MT, 5MT: third, fourth, fifth metacarpal lengths, respectively -from the extremity of the carpus to the distal extremity of the third, fourth and fifth metacarpals, respectively; 3D1P, 3D2P, 4D1P, 4D2P: first and second phalanges of the third and fourth digits, respectively -from the proximal to the distal extremity of the phalanges; W: body mass (g); GLS: greatest length of skull -the greatest anteroposterior diameter of the skull, from the most projecting point at each extremity regardless of what structure forms these points; CCL: con dylocanine length -from the exoccipital condyle to the alveolus of the canine; CBL: condylobasal length -from the exoccipital condyle to the alveolus of the anterior incisor; MW: mastoid width -the greatest distance across the mastoid region; ZB: zygomatic breadth -the greatest width of the skull across the zygomata; BB: breadth of braincase -greatest breadth of the braincase at the pos terior roots of the zygomatic arches; BH: braincase height -taken from the basisphenoid to the highest part of the skull; PC: postorbital constriction -the narrowest width across the constriction posterior to the orbits; ML: mandi ble length -from the most posterior part of the condyle to the most anterior part of the mandible, including the lower incisors; C 
Morphological analysis
To determine whether there were significant differences in metric characters between taxa, a series of MannWhitney 
Genetic analysis
Sequence analysis was carried out at the Department of Biotechnology and Bioinformatics, Prince of Songkla Uni versity, Thailand and the Canadian Centre for DNA Bar coding, Canada.
For sequence analysis in Thailand, the deoxyribonu cleic acid (DNA) was extracted from wing punches, and 657 base pairs (bp) of the cytochrome c oxidase subunit I (COI) was amplified and sequenced following the stand ard protocols published in Anwarali et al. (2010) . For the tissue sent to the Canadian Centre for DNA Barcoding, DNA was extracted, and 657 bp of COI was amplified and sequenced following standard protocols published in Ivanova et al. (2006 Ivanova et al. ( , 2012 .
Additional, published sequences were included in the analysis, namely for K. papillosa Phylogenetic reconstruction was undertaken using neighbor joining (NJ) with a Kimura 2parameter (K2) model in the software MEGA version 5.1 (Kimura 1980 , Tamura et al. 2011 ) at bootstrap method for 1000 repli cations. The divergent distance between and within taxa was generated using the Kimura 2parameter model in the software MEGA version 5.1 (Kimura 1980 , Tamura et al. 2011 .
Echolocation call records and analysis
Echolocation calls were recorded from free flying bats in one room (4 m long × 4 m wide × 3 m high). Otherwise, they were recorded when the bats were free flying in an arti ficial enclosure comprising mosquito nets for a roof and walls (4 m long × 3 m wide × 2.5 m high). The calls were detected with a Pettersson Ultrasound Detector D 1000x.
For each individual, 2-50 highquality calls were ana lyzed using BatSound Pro v3.1 (Pettersson Elektronik AB) software. Call parameters comprised minimum frequency (MinF) and maximum frequency (MaxF) -both values meas ured from the spectrogram; maximum energy frequency (MaxEF) and middle frequency (MidF) -both values meas ured using the power spectrum function. These four param eters are comparable to those of Preatoni et al. (2005) . Start frequency (SF) and end frequency (EF) data were omitted in the current study due to equipment constraints. For techni cal reasons, call duration, an additional parameter in King ston et al. (1999), was also not included here.
To determine whether there were significant differ ences in each parameter between taxa, a series of Kruskal Wallis tests were run at a confidence limit of 95%.
Results
External, cranial and dental characters
External measurements were available for 154 specimens from the study area. PCA based on nine external charac ters shows that the bats in the genus Kerivoula from the study area are divided into two main groups ( Figure 2 , 
minuta).
The external measurements of K. papillosa (sensu lato) and K. kachinensis are similar in size, except for forearm, tail, tibia, third and fourth metacarpal lengths, which average significantly longer in K. kachinensis (Tables 3 and 4 ).
In the "mediumsmall" size group, specimens referred to K. hardwickii (sensu lato) average significantly smaller (Table 3) . K. minuta is significantly smaller than those of the other species in the "medium small" group. The pelage colour of K. pellucida is distinctive; pale orange on the dorsal surface and creamy orange on the ventral surface ( Figure 3B ). K. krauensis is also distinctive, with golden hair tips on its dorsal surface ( Figure 3C ). Both species can be distinguished from the predominantly grey brown dorsal surfaces and grey belly fur of all K. hardwicki (sensu lato) ( Figure 3A ). The pelage of K. minuta is brown above and below with very dark brown hair bases ( Figure  3D) .
A multivariate analysis based on 12 cranial and dental characters of the 155 skulls shows that the bats in this genus are divided into three groups, including "largesize" (K. papillosa [sensu lato] and K. kachinensis), "medium size" (K. hardwickii [sensu lato], K. titania, K. pellucida and K. krauensis) and "smallsize" (K. minuta) (Figure 4 , Tables 6 and 7) .
Specimens of K. papillosa (sensu lato) are similar in skull length to those of K. kachinensis except for the man dible, and upper and lower toothrows, which are signifi cantly longer in K. papillosa (sensu lato) (Tables 4 and 7) . K. papillosa (sensu lato) is narrower in some features, such as mastoid width, breadth of braincase and pos torbital constriction. Most characteristically, the skulls of K. papillosa (sensu lato) have a significantly higher than those referred to K. titania, except for ear, foot and third metacarpal lengths, which are not significantly dif ferent (Tables 3 and 5) . K. hardwickii (sensu lato) is sig nificantly smaller in some features and larger in others compared to K. pellucida; the exceptions are the lengths of head and body, and fourth and fifth metacarpals. The measurements of K. titania are significantly larger than those of K. pellucida, except the second phalanx of third digit and the first phalanx of fourth digit. External measurements were available for only one specimen of Table 3 External measurements (mm) and body mass (g) of seven species of Kerivoula from Thailand. Kerivoula minuta 24 28.2-39.0 25.3-29.4 7.9-11.6 30.6-42.3 12.0-14.8 6.1-7.1 27.9-32.1 26. 4-30.8 25.3-30.3 12.5-14.9 12.8-15.8 7.9-9.4 6.3-8.4
2.5-3.5 31.4, 2.4 28.0, 1.1 9.8, 0.4 37.0, 3.0 13.9, 0.6 6.5, 0.2 30.2, 1.2 28.9, 1.1 27.9, 1.2 13.9, 0.7 14.2, 0.7 8.9, 0.4 7.1, 0.5 2.6, 0.3 (16) HB, head and body; FA, forearm; E, ear; TL, tail; TIB, tibia; HF, foot; 3MT, 4MT, 5MT, third, fourth, fifth metacarpals; 3D1P, 3D2P, 4D1P, 4D2P, first and second phalanges of third and fourth digits; W, body mass. Mean, range and standard deviation. Sample sizes differing from those reported under n are given in parentheses. 6.5 ± 0.2 6.5 ± 0.1 ns C-M 3 7.0 ± 0.1 6.8 ± 0.1 < 0.03 C-M 3 7.5 ± 0.2 7.2 ± 0.1 < 0.01
Levels of significance (p-value) based on a series of Mann-Whitney U-tests. External and cranio-dental measurements (mm) presented as mean ± SD; ns, not significant.
and more domed braincase (BH > 6.3 mm) ( Figure 5A ), whereas it is flattened (BH < 5.7 mm) in K. kachinensis ( Figure 5B ). However, interestingly, the skulls of speci mens referred to K. papillosa (sensu lato) also vary from markedly domed in some specimens to more flattened in others. Here, they are considered to conform to five mor photypes (Figure 6 ), which also show some difference in greatest skull length. The skull measurements of K. hardwickii (sensu lato) average significantly smaller than those of K. titania except for braincase height, postorbital constriction and anterior palatal width (Tables 5 and 7 ). The skulls of K. hardwickii (sensu lato) are similar in length to those of K. pellucida but are broader and not as high compared to the latter species. The specimens of K. titania are larger than those of K. pellucida. Craniodental measurements of K. krauensis were available for only one specimen and are mostly smaller than other species in this group (Table 7) .
The skulls of specimens referred to K. hardwickii (sensu lato) include several forms, but can be divided into "flat" and "domed" morphotypes (Figures 5C and D, 7 and 8) , with variable skull lengths. The "domedskull" morphotype clearly differs from the flat skull of K. titania ( Figure 5E ). However, this difference is less apparent when the "flatskull" morphotype of K. hardwickii is com pared to K. titania ( Figure 5D and E). In the case of K. pellucida, the skull is more bulbous, and the braincase rises abruptly and characteristically from the rostrum ( Figure  5F ). The skull of K. krauensis ( Figure 5G ) is more flattened than those of the "domedskull" K. hardwickii ( Figure 5C ) and higher than those of the "flatskull" morphotype ( Figure 5D ).
Bats within the "smallskull" size group are all refer able to K. minuta, which is differentiated from all other local Kerivoula species by its smaller size ( Table 7) . The braincase is intermediate between flattened and domed; it is elevated but not abruptly so, only rising slightly above the rostrum ( Figure 5H ).
Genetics
Twentyeight sequences are available for Thai specimens, 10 for K. papillosa (sensu lato), 12 for K. hardwickii (sensu lato), two for K. titania, one for K. pellucida and three for K. minuta. Forty sequences for 10 taxa of Kerivoula, in the Barcode of Life Database, were included in the analysis, namely: K. papillosa S (13), K. papillosa L (6), K. lenis (5), K. cf. lenis (5), K. kachinensis (1), K. hardwickii (sensu lato) (2), K. krauensis (1), K. picta (1), K. minuta (2) and K. intermedia (1). The phylogeny shows that the sequences of material of Kerivoula from the study area, together with others from the region, can be divided into 16 mono phyletic clades (Figure 9) , with an average divergence of 17.71%. The nine clades of Thai material have an average 16.75% divergence from each other.
The sequences referable to K. papillosa (sensu lato) from Thailand are divided into three monophyletic clades, with an average divergence of 10.36% from each other ( Table 8 ). The clade of K. papillosa A has an average divergence of 6.97% from K. papillosa B; the clade K. papillosa C has an average divergence of 13.06% and 14.86%, respectively, from clades K. papillosa A and K. papillosa B (Table 9) .
Similarly, bats referable to K. hardwickii (sensu lato) are also divided into three monophyletic clades, with an average divergence of 11.17% between each other External characters HB 36.9 ± 2.0 39.5 ± 1.0 < 0.01 36.9 ± 2.0 37.4 ± 1.7 ns 39.5 ± 1.0 37.4 ± 1.7 < 0.01 FA 32.8 ± 1.4 34.8 ± 0.7 < 0.01 32.8 ± 1.4 30.9 ± 0.8 < 0.01 34.8 ± 0.7 30.9 ± 0.8 < 0.01 E 12.8 ± 0.9 13.1 ± 0.5 ns 12.8 ± 0.9 14.8 ± 0.9 < 0.01 13.1 ± 0.5 14.8 ± 0.9 < 0.01 TL 41.3 ± 3.0 50.1 ± 2.0 < 0.01 41.3 ± 3.0 47.2 ± 2.1 < 0.01 50.1 ± 2.0 47.2 ± 2.1 < 0.01 TIB 17.4 ± 0.8 19.4 ± 0.3 < 0.01 17.4 ± 0.8 17.9 ± 0.8 < 0.02 19.4 ± 0.3 17.9 ± 0.8 < 0.01 HF 7.6 ± 0.4 7.6 ± 0.2 ns 7.6 ± 0.4 7.3 ± 0.3 < 0.04 7.6 ± 0. 16.6 ± 0.8 18.7 ± 0.5 < 0.01 16.6 ± 0.8 15.8 ± 0.5 < 0.01 18.7 ± 0.5 15.8 ± 0.5 < 0.01 3D2P 16.1 ± 1.0 18.0 ± 0.6 < 0.01 16.1 ± 1.0 18.0 ± 0.8 < 0.01 18.0 ± 0.6 18.0 ± 0.8 ns 4D1P
10.5 ± 0.6 11.7 ± 0.5 < 0.01 10.5 ± 0.6 11.8 ± 0.4 < 0.01 11.7 ± 0.5 11.8 ± 0.4 ns 4D2P 7.9 ± 0.6 8.6 ± 0.2 < 0.01 7.9 ± 0.6 7.3 ± 0.4 < 0.01 8.6 ± 0.2 7.3 ± 0.4 < 0.01 Cranio-dental characters GLS 14.6 ± 0.5 15.5 ± 0.1 < 0.01 14.6 ± 0.5 14.4 ± 0.3 ns 15.5 ± 0.1 14.4 ± 0.3 < 0.01 CCL 12.9 ± 0.4 13.7 ± 0.1 < 0.01 12.9 ± 0.4 12.7 ± 0.2 < 0.05 13.7 ± 0.1 12.7 ± 0.2 < 0.01 CBL 13.4 ± 0.5 14.2 ± 0.1 < 0.01 13.4 ± 0.5 13.2 ± 0.3 ns 14.2 ± 0.1 13.2 ± 0.3 < 0.01 MW 7.4 ± 0.2 7.8 ± 0.2 < 0.02 7.4 ± 0.2 7.1 ± 0.1 < 0.01 7.8 ± 0.2 7.1 ± 0.1 < 0.01 ZB 8.6 ± 0.3 9.1 ± 0.1 < 0.01 8.6 ± 0.3 8.1 ± 0.1 < 0.01 9.1 ± 0.1 8.1 ± 0.1 < 0.01 BB 7.3 ± 0.2 7.7 ± 0.2 < 0.01 7.3 ± 0.2 6.9 ± 0.1 < 0.01 7.7 ± 0.2 6.9 ± 0.1 < 0.01 BH 5.5 ± 0. Levels of significance (p-value) based on a series of Mann-Whitney U-tests. External and cranio-dental measurements (mm) presented as mean ± SD; ns, not significant. (Table 8) . K. hardwickii A has an average divergence of 14.99% from K. hardwickii B and 16.37% from K. hardwickii C; and K. hardwickii B has an average divergence of 20.02% from K. hardwickii C (Table 10) . Moreover, there are two subclades within the clade of K. hardwickii A, with an average divergent of 8.75%. In contrast, the intraclade sequence divergence in K. hardwickii B and K. hardwickii C are < 0.01% and 1.04%, respectively. The sequences of K. titania and K. minuta from Thai land have an average divergence of 3.41% and < 0.01%, respectively, within the clade. Only one sequence from Thailand is available for K. pellucida, and no sequence is available for K. kachinensis and K. krauensis.
Echolocation calls
Echolocation call data are available for 20 individu als of six species including K. papillosa (sensu lato) (6), K. hardwickii (sensu lato) (6), K. titania (2), K. pellucida (1), K. krauensis (1) and K. minuta (5). A KruskalWallis test showed that all measurement parameters of the calls, on average, differ significantly from each other (Table 11 ). The minimum frequency of all available species shows a large overlap in range, except for K. krauensis and K. pellucida, which are slightly lower than the others. The maximum frequency is slightly lower in K. papillosa (sensu lato) and K. minuta, while it is relatively higher in K. hardwickii (sensu lato), K. titania, K. pellucida and K. krauensis. The maximum energy frequency and middle frequency show a large overlap among species.
Within K. papillosa (sensu lato), the frequency of material referred to K. papillosa B averages significantly lower than those referred to K. papillosa C in three of the measured parameters, except maximum frequency, which is not significantly different (Table 12) . However, there is a large overlap in range between these two taxa. There is no call available for the present study for K. papillosa A. In the case of K. hardwickii (sensu lato), the frequen cies of calls for K. hardwickii A average significantly higher than those for K. hardwickii C in all measured parameters (Table 12) . However, once again, there is a large overlap in ranges between the taxa. There is no call of K. hardwickii B available for the present study. 
Discussion
The results of the present study indicate that the bats in the genus Kerivoula from Thailand are taxonomically complex: both K. papillosa (sensu lato) and K. hardwickii (sensu lato) include a number of cryptic species.
In terms of morphology, there appear to be five mor photypes amongst specimens referred to K. papillosa (Figure 6 ), whereas the genetics results indicate only three monophyletic clades (Figure 9 ). However, the genetic analysis in this study is only based on one mitochondrial gene (COI). Further study, including cytochrome b (Cytb) and/or nuclear genes may help considerably in resolv ing the taxonomy of this species complex (Anwarali et al. 2010 , Nesi et al. 2011 , Francis and Eger 2012 , Thong et al. 2012 , Lin et al. 2014 . As, currently, there are no additional supporting data, the specimens referred to K. papillosa are here separated into three distinct taxa or monophyl etic clades.
Genetically, K. papillosa A is separated from K. papillosa B, with an average divergence of 6.97%. K. papillosa A ( Figure 6A ) also has a larger skull and a higher braincase than K. papillosa B (Figure 6D & E) . Specimens of K. papillosa A, which are restricted within Thailand to the south of the peninsula (Figure 10 ), are here assigned to the taxon malayana on the basis of size. In a comparison with specimens of malayana listed in the type description by Chasen (1940) , the four speci mens from peninsular Thailand have a similar forearm length (40.7-43.4 mm) and a slightly smaller skull length (18.2-18.4 mm), mastoid width (8.7 mm), breadth of brain case (8.4 mm) and upper toothrow length (7.6 mm). In terms of genetics, the Thai specimens of this taxon cluster together with those referred to K. papillosa S in Anwarali Table 7 Cranio-dental measurements of seven species of Kerivoula from Thailand. The clade of Kerivoula papillosa B, which is found throughout peninsular Thailand (Figure 10 ), includes two different morphotypes ( Figures 6D and E) , which are rela tively larger (FA: 42.1-42.3 mm and GLS: 17.0-17.1 mm) and relatively smaller (FA: 39.4-40.2 mm and GLS: 16.6-17.0 mm). Genetically, there is only 1.99% divergence within the clade. On the basis of genetics, they are regarded herewith as a single taxon, until there is more evidence to support a separation. Specimens of K. papillosa B from throughout the study area are difficult to assign to any particular named taxon. Only two preexisting names are available, K. p. papillosa from Bantam, northwestern Java and K. lenis from Calcutta, Bengal, India. Others, such as K. papillosa B has a smaller forearm length than the 43.2 mm and 44.5 mm of the holotype and cotype ("a") of papillosa listed by Dobson (1876) and Tate (1941) , but has a similar skull length to those from Java ( < 17.0 mm) examined by Chasen (1940) . The Thai specimens of this clade have a similar forearm length (37.2-40.2 mm) and skull length (16.4-17.1 mm) to those of K. lenis examined by Vanitharani et al. (2003) . However, genetically, they are separated from those K. lenis and K. papillosa reported by Anwarali et al. (2010) and Francis et al. (2010) in the Barcode of Life Database (Figure 9 ). Clearly, further research is required in Southeast Asia and India, to help assign K. papillosa B with certainty to its correct taxon. It is also possible that it may represent a new and, as yet, undescribed species. However, without additional studies, especially in the type localities of papillosa and lenis, it will be difficult to prove that it is not referable to one or other of these two taxa.
Specimens within the clade of K. papillosa C, which in Thailand is restricted to the south of the peninsula (Figure 10 ), show morphological variation ( Figure 6B and C), but are similar in size. Genetically, material of this clade is clustered together, with a 0.55% divergence within the clade. Thai specimens have smaller forearm length than those of the holotype and cotype of K. papillosa listed by Dobson (1876) and Tate (1941) , but a longer skull than that examined by Chasen (1940) . The specimens average larger in external and craniodental measurements than those of K. lenis (Vanitharani et al. 2003) . Specimens within the K. papillosa C/K. lenis PM clade from Thailand and peninsular Malaysia differ by a 5.33% divergence from K. lenis BN from Borneo (Table  9 ). However although within the same genetic lineage, the specimens from peninsular Malaysia and Borneo included in Anwarali et al. (2010) are smaller in external and cranial measurements compared to the Thai speci mens of K. papillosa C. In addition, the taxonomic status of K. lenis from throughout its range is unclear. Geneti cally, K. cf. lenis from Lao PDR does not cluster with the K. lenis from peninsular Malaysia and Borneo, as there is > 14% divergence (Anwarali et al. 2010 , Francis et al. 2010 ) ( Table 9 ). As there is currently a lack of comparative material and genetic information from India, it is difficult to assign the correct name to this taxon.
The specimens referred to K. kachinensis on the basis of their large size and flat skull are clearly different from other species in the genus and are comparable to the description and measurements of K. kachinensis in Bates et al. (2004) , Thong et al. (2006) and Soisook et al. (2007) .
Material referred to K. hardwickii (sensu lato) includes several forms, which can be divided into two main mor photypes, "domed" and "flat" skulls ( Figure 5C and D). The specimens with "domedskull" vary in both size and morphology (Figure 7 ), but the result of genetic analysis shows that all available sequences of specimens with domed skulls cluster together in a monophyletic clade (K. hardwickii C), with a 1.04% divergence from each other. Specimens of this clade are restricted in Thailand to the east and peninsula (Figure 11 ). However, this study is only based on COI. A further study with Cytb and a nuclear gene could be of considerable interest to clarify whether there The left scores in bold represent percentage difference between taxa, and the right scores in bold are the standard deviation percentage. Clade names are explained in the caption to Figure 9 . are cryptic species "hidden" within this taxon (Anwarali et al. 2010 , Nesi et al. 2011 , Francis and Eger 2012 , Thong et al. 2012 , Lin et al. 2014 . As there is no additional sup porting information, specimens with domed skulls are here assigned to K. hardwickii. Other taxa, such as fusca and engana, are considered to be synonyms of hardwickii on the basis of similar skull morphology with only minor differences in colour of the pelage (Dobson 1876 , Chasen 1940 , Hill 1965 . The specimens with "flatskulls" are essentially similar to each other in both size and morphology ( Figure  8 ), but differ genetically and cluster into two monophy letic clades (K. hardwickii A and K. hardwickii B) ( Figure  9 ), which may represent two distinct species. The clade K. hardwickii A is widely distributed in Thailand from the north of the country to the south of the peninsula, whereas K. hardwickii B is only found in northern Thailand ( Figure  11 ). The most geographically adjacent available name is depressa described from southeast Myanmar. Currently the taxa, crypta and malpasi, are considered to be synonyms of depressa. The taxon crypta, which has a relatively flat tened braincase was described from western peninsular India, and the taxon malpasi, which differs only in pelage colour, is geographically isolated in Sri Lanka (Bates and Harrison 1997) . Bates et al. (2007) suggest that the correct name for the bats with smaller, flatheaded skulls (BH < 5.1 mm) may be K. depressa. However, as the genetic analy sis shows there are potentially two cryptic species within the taxon, without additional study, especially in the type locality of depressa (and possibly crypta, although geo graphically this seems unlikely), it will be very difficult to prove which one is referable to the taxon depressa and which is possibly referable to an undescribed species. The specimens referred to K. titania on the basis of their slightly larger, flatskulls are comparable to the description of K. titania by Bates et al. (2007) .
Specimens referred to K. pellucida are distinguished from other species in the genus by their orangebrown pelage and high and bulbous skull, the braincase of which rises abruptly from the rostrum ( Figure 5F ); this corre sponds to descriptions given in Hill (1965) , Corbet and Hill (1992) and Francis (2008) . In the case of K. krauensis, it distinguished from all other species by its dorsal pelage (shiny golden hair tips with dark brown bases) and slightly flattened skull ( Figure 5G ) , Douang boubpha et al. 2014 . Specimens here referred to K. minuta have small, bulbous skulls ( Figure 5H) , averaging smaller and more inflated than those of K. intermedia; this agrees with the findings of Miller (1898), Hill and Francis (1984) , Corbet and Hill (1992) and Francis (2008) . It also agrees with the genetic results in which the Thai material is sepa rated from K. intermedia from Borneo ( Figure 9) . Kingston et al. (1999) Francis et al. 2007] ) can be used to assist with their identification. Analysis showed that there is a significant difference in average call characters among species, although there was a large overlap in the ranges of all measured param eters. The present study supports the findings of Kingston et al. (1999) . The results also support the need of genetic data for recognising cryptic species, as well as for differentiating intraspecific from interspecific morphological variation (Francis and Eger 2012) . Thus, combining morphometric, genetic and acoustic data is particularly valuable, even though the interpretation of the results from a taxonomic perspective may be challenging. This is particularly the case where there is a lack of congruence between the dif ferent character states. Further studies, including type specimen of each known taxon and specimens from mainland Southeast Asia (Myanmar, Lao PDR, Vietnam and Cambodia), Sumatra, Java, Borneo, Sulawesi and Philippines would help to find out their diagnosis characters. 
